The existence of free-free absorption in the nucleus of Cen A was suggested by Tingay & Murphy in 2001 as an explanation for the large value of the spectral index between 2.2 and 5 GHz. In this paper we present further evidence for this absorption, based on the observations of short time-scale variability at mm wavelengths and their lack of correlation with X-ray emission, as expected if they were both originated in the same physical process. To explain the short-term variability, we assumed that the mm-wave emission is produced near the base of the inhomogeneous parsec-scale jet that has a bulk velocity of about 0.5c. The presence of an ionized media between the jet and the observer will produce the observed 7-mm flux density variability, as different jet features move behind the absorbing material. We estimated that a region with 5 × 10 6 electrons cm −3 and 1.5 × 10 15 cm radius can explain the intensity and the duration of the mm-flux variations, but the corresponding column density would not be enough to absorb significantly the X-ray flux, explaining the lack of correlation between the radio and X-ray variability. The upper limit for the cloud size inferred for the absorbing region shows that the media surrounding the core of Cen A must be clumpy.
jet-counterjet flux densities (Jones et al. 1996; . On the other hand, recent VLA and Chandra observations of the jet in scales of hundreds of parsecs (Hardcastle et al. 2003) showed that some of the radio knots are moving with velocities of the order of 0.5c; this measurement, together with the ratio of jet-counterjet intensities point out to much smaller viewing angles (about 25
• ). Similar values of the bulk jet velocity were obtained by Tingay et al. (1998) , based on fast changes in some of the jet features. At 7 mm, the core was the only prominent feature in the VLBI maps obtained by Kellermann, Zensus & Cohen (1997) in 1994 April, with a size smaller than 10 16 cm and flux density of about 4 Jy. Similar flux density was obtained in single-dish observations at the same epoch (Abraham 1996) , showing that most of the emission at this frequency is produced in the unresolved core and/or base of the parsec-scale jet.
Centaurus A is also an X-ray source, with an absorbed nonthermal power-law spectrum extending to MeV energies. It presents variability on time-scales of days, months and years (Terrell 1986; Jourdain, Bassani & Roques 1993; Kinzer et al. 1995; Turner et al. 1997; Rothschild et al. 2006) . Although the power-law spectral index did not change significantly during the last 30 yr, the column density of the absorbing material did change between 10 23 and 1.5 × 10 23 cm −2 without correlation to the X-ray flux (Rothschild et al. 2006 ). Up to the present time, Centaurus A is the only known FR I radio galaxy with evidence of absorption in its X-ray spectrum (e.g. Donato, Sambruna & Gliozzi 2004; Balmaverde, Capetti & Grandi 2006; Evans et al. 2006) . Chandra and XMM-Newton observations (Evans et al. 2004) were able to resolve the core emission; the X-ray continuum spectral variability was attributed either to the existence of two components with different spectral indices and absorbing column densities, such as the accretion disc and the subparsec-scale jet, or to a single source with two different absorbing properties.
Radio and X-ray flux densities were shown to be correlated on time-scales of month and years (Botti & Abraham 1993; Turner et al. 1997 ), but it was not clear if they both had synchrotron origin or if the X-rays were produced by the inverse-Compton process. X-ray variability on time-scales of days was found by Terrell (1986) , Jourdain et al. (1993) , Kinzer et al. (1995) and Rothschild et al. (2006) . Radio variability on these short time-scales, another signature of blazars, was reported by Kellermann (1974) , Beall et al. (1978) and Kaufmann & Raffaelli (1979) , but it was not observed by Abraham, Kaufmann & Botti (1982) and until now, no simultaneous radio and X-ray observations on such time-scales were available to study their correlation. In this paper, we present daily 43-GHz observations of Cen A during a three month period, which showed variability as large as 20 per cent between two consecutive days, and we compared the radio to the 1.5-12 keV light curve obtained by the All-Sky Monitor (ASM) onboard of the Rossi X-ray Timing Explorer (RXTE) . In Section 2, we describe the observations and present the results. In Sections 3 we discuss the radio light curve and compare it to the X-rays, presenting an explanation for their behaviour; and in Section 4 we summarize our results.
O B S E RVAT I O N S A N D R E S U LT S
The 7-mm (43-GHz) observations were made with the Brazilian 13.7-m radome-enclosed Itapetinga radio telescope, which provides a half power beam width (HPBW) beam of about 2.3 arcmin at this wavelength. The receiver was a room temperature K-band mixer with a 1-GHz double side band (d.s.b.) providing a noise temperature of about 700 K. The radome transmission was 0.68 at this wavelength. A noise source of known temperature and a room temperature load were used for calibration, allowing an automatic correction of the atmospheric attenuation even in the presence of a radome (Abraham & Kokubun 1992) . Absolute flux calibration was done through observations of the point source Virgo A, which has a flux density of 11 Jy at the observed wavelength. Since variability studies at millimetre waves are very sensitive to atmospheric fluctuations, we used an observing technique that consisted of scans of the Centaurus A nucleus with 20-arcmin amplitude in a direction that includes also the two internal lobes. Since the southwest lobe is separated from the core by about 4 arcmin, it was completely resolved by the radio telescope beam and was used as an instantaneous secondary calibrator. Each scan lasted 20 s and provided 81 equally spaced data values; the integration time at each point was 1/6 s. The average number of scans or each daily observation was about 300, giving a total integration time of 50 s per point, or a noise temperature of 0.003 K. Since the HPBW is covered by about 10 points, the theoretical noise temperature of our observations was 0.001 K or 0.1 Jy in the flux density.
The observation was performed between 2003 June 26 and September 29. To separate the variable Centaurus A core from the surrounding lobes, the observations for all epochs were averaged, resulting in the flux density profile presented in Fig. 1 . Three Gaussians were fitted to the data, representing the Centaurus A core and the two lobes; the obtained parameters are listed in Table 1 .
Three Gaussians were also fitted to the daily observations, in which the only free parameters were the amplitude and position of the NE lobe and the amplitude of Centaurus A core emission. This latter value was then normalized by the calibrated average NE lobe amplitude. The resulting light curve is presented in Fig. 2 Free-free absorption in the nucleus of Cen A 173 together with the RXTE 1 1.5-12 keV ASM data for the same period. The ASM provides data in three energy intervals (1.3-3.0, 3.0-5.0 and 5.0-12.2 keV), and although the light curves at the lower energy bands can be contaminated by emission from the interstellar medium, large-scale jet and binaries in the Centaurus A galaxy, we had to use the total energy range to guarantee a reasonable signalto-noise ratio; in fact, the highest energy band light curve does not show any variability larger than the error bars.
As we can see in Fig. 2 , the 43-GHz flux density of the Centaurus A core presented rapid fluctuations superimposed to slower variability. It is interesting to note the oscillations that occurred between days 34 and 39 (July 19 and 24), in which the flux density varied between 8.1 ± 0.2 Jy (July 19 and 23) and 6.7 ± 0.2 Jy (July 20 and 24). The observations during those days were obtained under good weather conditions and special care was taken in the data analysis; the corresponding data profiles and fitting are shown in Fig. 3 , where it is possible to see the differences in the source profiles originated by the variability of the central component.
D I S C U S S I O N

Intrinsic origin for the variability
Since Centaurus A is considered a blazar (Chiaberge et al. 2001; Bai & Lee 2001) , short time-scale variability is not unexpected. An important aspect that should be noted in the observed 43-GHz light curve is that, after a short time-scale variability in the flux density, its value returns to the previous level, or to its extrapolated value if a longer variability trend is observed, as the linear increases between days 50 and 80 (2003 August 3 and September 3). For that reason, we assumed that only part of the source varies and estimated its brightness temperature T B from
where the flux density is given in Jy, the frequency ν in GHz, the radius R in cm and the distance d in Mpc.
Assuming a flux density of about 1 Jy and a size of 1 lightday we obtain T B = 3.6 × 10 11 K, still below the limit imposed by the inverse-Compton catastrophe. Therefore, if the 43-GHz flux density of the variable source has synchrotron origin then we would expect also X-ray emission, produced either by the synchrotron emission of the same ultrarelativistic electrons that originate the radio emission or by the inverse-Compton process on the low-energy synchrotron photons. In Centaurus A radio and X-ray variability seemed to be correlated on time-scales of months and years (Botti & Abraham 1993; Turner et al. 1997) , but this correlation has never been investigated on short time-scales.
In this work we used the RXTE ASM 1.5-12 keV data, binned over 1-d intervals and shown in Fig. 2 (lower curve), together with our 43-GHz data (upper curve) to study the possible existence of a short time-scale correlation. Although the short-term variability on time-scales of a day is visible in the X-ray light curve, we did not find a trend similar to that seen in the 43-GHz data. An increase in the activity seemed to be present at the epoch in which we detected the 43-GHz flux density oscillations discussed in the previous section, but the X-ray error bars are larger than at other epochs and the results are not conclusive. To quantify our analysis we calculated the discrete correlation function, DCF (Edelson & Krolic 1988) , shown in Fig. 4 , which confirms the lack of correlations between variability at the two frequencies.
This lack of correlation can be due to several reasons. One of them is that the increase in radio emission is due to an increase in the relativistic electron density, but with a soft energy distribution, which does not reach the X-ray emitting energies. Another possibility is the free-free absorption of part of the radio emission by surrounding ionized clouds, as will be described in the next subsection.
Free-free absorption
The existence of an ionized absorbing media, very close to the Centaurus A core, was postulated by Tingay & Murphy (2001) to explain the very large spectral index between 2.2 and 5 GHz derived from high-resolution VLBI observations. In their model, the absorbing media was an homogeneous cloud, with size smaller than 1 arcsec (5 × 10 16 cm) and hydrogen density larger than 3.1 × 10 4 cm −3 , resulting in an optical depth at 2.2 GHz of τ = 0.9 ± 0.4. Since such a cloud is transparent to the 43-GHz radiation, to account for the flux variability with time-scales of a day, the absorbing material must be clumpy, with the size of the clumps larger or equal to the size R of the emitting region. The existence of a clumpy media is also necessary to explain the ultraviolet and X-ray absorption lines seen in many bright AGNs. Two ionized phases must be present there with temperatures of 10 6 and 10 4 -10 5 K, which seem to be in pressure balance (Elvis 2000; Krongold et al. 2003 Krongold et al. , 2005 . In the case of Cen A, the colder and denser clumps will absorb the radio flux through the free-free process. The minimum size of the clumps can be calculated under the assumption that the brightness temperature of the emitting source is given by the Compton limit of T B ∼ 10 12 K. Assuming the flux density equal to the amplitude of the observed variability (∼ 1 Jy) and the brightness temperature T B = 10 12 K, we obtain R = 1.5 × 10 15 cm. Clumps of this size were found in other AGNs, like NGC 4258 (Fruscione et al. 2005) , where they were needed to explain the variations observed in the X-ray absorbing column density on time-scales of months.
To produce the observed variability in the radio emission on a time-scale of 1 d, the velocity of an absorbing clump moving in front of a stationary source should be v = R/1 d = 0.56 c, too large even for clouds at subparsec distances from the compact core. However, if the emission comes from an inhomogeneous portion of the relativistic jet moving with this velocity, the absorbing cloud could be stationary and still produce the observed variability when the emitting source passes behind it. The required jet velocity is compatible with that inferred by Tingay et al. (1998) , based on the changes in the internal structure of the subparsec-scale jet components (0.45c-0.9c), and more recently by Hardcastle et al. (2003) , based on the proper motion of jet components on the scales of hundreds of parsecs (∼0.5c). The physical conditions of the absorbing cloud can be determined under the assumption that the optical depth for free-free absorption at 43 GHz is τ ∼ 1, where, assuming a totally ionized H gas, τ is given by
For a temperature of 10 4 K, the emission measure 2n H 2 R must be 5 × 10 28 cm −5 , resulting in a density of n H ∼ 5 × 10 6 cm −3 and in a corresponding column density of N H = 10 22 cm −2 . This columns density is 10 times smaller than that required to produce the X-ray absorption (Tucker et al. 1973; Mushotzky et al. 1978) .
The X-ray absorbers
The physical state and the location of the X-ray absorbers are still controversial, but the observed radio emission can put some constraints on them. The commonly accepted scenario of a dusty torus acting as an X-ray absorber (Woźniak et al. 1998 ) was questioned by Risalitti, Elvis & Nicastro (2002) , based on the variations in the column density on the time-scales of months. They proposed a scenario in which the X-rays were absorbed by spherical clouds moving in Keplerian orbits around the central black hole and found the relation between the radius of the orbit R K and the volume density n H of the absorbing material necessary to produce the observed column density:
The radius of the X-ray absorbing cloud must be R X = 10 23 /2n H , but if the material is ionized, n H 2 /R X < 5 × 10 28 cm −5 to prevent free-free absorption of the radio photons, and therefore the density must be n H < 5 × 10 5 cm −3 and the radius of the absorbing cloud R X > 10 17 cm. With such a limit for the density, the radius of the Keplerian orbit is R K < 2 × 10 14 cm, incompatible with the size of the cloud. Therefore, the scenario in which the X-ray absorbing material is very close to the emitting region and therefore ionized is incompatible with the results of the 7 mm radio observations. This conclusion is based on the assumption that both X-rays and radio emission originate in the same region, which in part is justified by the smoothness of the spectral energy distribution and the correlation between variability at both frequencies on longer timescales (Botti & Abraham 1993; Turner et al. 1997 ). However, Evans et al. (2004) showed that the continuum low-energy X-ray spectra could be better explained by two absorbed power laws, with a hard component that they associated to the thin accretion disc and a soft component associated to the subparsec-scale jet. The absorption column densities were about 10 23 cm −2 and 4 × 10 22 cm −2 , respectively, the latter similar to the value necessary to produce the radio absorption. It would be possible to conciliate the model proposed by Risalitti et al. (2002) with the radio absorption if we assume that it is the X-ray emission of the accretion disc that is absorbed by a variable number of dense clouds (n H ∼ 10 9 cm −3 and R X ∼ 10 14 cm) and that the less absorbed X-rays and the radio emission produced by the jet originate at a distance from the black hole larger than 10 15 cm. These clouds would have the characteristics of the broad-line clouds seen in Seyfert 1 galaxies, as already pointed out by Wang et al. (1986) , and their X-ray absorbing properties would not be different from those of neutral material (Reilman & Manson 1979 ), but such a region does not seem to be present in Cen A (Alexander et al. 1999) . Also a low-density and high-temperature (10 6 K) absorber can be discarded because it does not show the characteristic signatures of absorption in high-resolution X-ray grating spectra (Evans et al. 2004) .
Other possibilities are that the variable X-ray absorption is produced either by the neutral cold and dusty matter, as suggested by Evans et al. (2004) or by the edge of an ionized accretion disc, as proposed by Rothschild et al. (2006) . In the last case, to prevent a large 7-mm optical depth, the absorbing material must have low enough density to guarantee an emission measure smaller than 5 × 10 28 cm −5 ; if the inhomogeneities that produce the variable H column density in the X-ray absorption have sizes of 10 15 cm, as suggested by Rothschild et al. (2006) , more than 30 clouds would be necessary to obtain the observed hydrogen absorbing column density and still guarantee τ (7 mm) < 1.
Therefore, it seems that the only way to obtain X-ray absorption without producing free-free absorption at mm wavelengths is through neutral or molecular material, such as that found in the dusty disc that surrounds the central black hole. In fact, H I, H 2 and CO emission lines are observed in the direction of the dark lane, the latter concentrated within 1-2 kpc from the Cen A centre, rotating as a rigid body up to a distance of 1 kpc, where it reaches a maximum velocity of about 250 km s −1 (Phillips et al. 1987; Eckart et al. 1990a; Israel et al. 1990; van Gorkon et al. 1990; Quillen et al. 1992; Rydbeck et al. 1993) .
From the observations of CO and its isotopes, 13 CO and C 18 O in emission, H I and CO in absorption and from the 9.7-μm silicate absorption strength, we know that the material must be formed by clumps with n H 2 ∼ 3 × 10 4 cm −3 , N CO ∼ 5 × 10 17 cm −2 and n CO /n H 2 ∼ 5 × 10 −5 , which gives an H column density of 2 × 10 22 cm −2 (Eckart et al. 1990a; Wild, Eckart & Wiklind 1997) . On the other hand, the presence of non-LTE hyperfine absorption line ratios in molecules like HCN points out to even higher densities: n H 2 ∼ 10 6 cm −3 (Eckart et al. 1990b) . A spherical clump with radius R c = 3 × 10 15 cm, moving with velocity v c = 250 km s −1 , will remain in front of the X-ray source for about 8 yr; if its density is 4 × 10 6 cm −3 the resulting H column density will be N H = 4n H 2 R c ∼ 5 × 10 22 cm −2 . Therefore, one or at most a few dense molecular clumps moving across the line of sight can be responsible for the observed variability in the H column density. To check the stability of these dense clumps we calculated their Jeans radius R J , that is, the radius for which the absolute values of the gravitational and internal energies are equal:
where k and G are the Boltzman and gravitational constants, respectively, m H is the mass of the hydrogen atom, T is the gas kinetic temperature, n the number density and μ the molecular weight. The clump will be stable against gravitational collapse if its radius is smaller than R J . Assuming all the H in the form of H 2 , the cosmic He abundance and n H 2 = 4×10 6 cm −3 we obtain R J = 1.3 × 10 16 cm. Therefore, the clumps required to account for the N H variability, with R c = 3 × 10 15 cm, are stable against collapse. Since the existence of small and dense clumps in the nuclear disc of Cen A was inferred from the molecular absorption lines seen against the strong non-thermal nuclear source, a variation of the H column density in 5 × 10 22 cm −2 should also be noted in the absorption spectra. Wiklind & Combes (1997) compared the HCO + (1 − 0) absorption spectra taken in 1995/1996 with that taken in 1989 (Eckart et al. 1990b ) and found no significant differences between them. These epochs coincide with those in which the H column density required to explain the X-ray spectra was highest (Rothschild et al. 2006) . The repetition of these observations during a low-absorption phase would certainly help to elucidate the origin of the X-ray absorption.
C O N C L U S I O N S
We presented daily observation of the continuum emission of the central source of Centaurus A at 7 mm, obtained with the Itapetinga radio telescope during 2003 July-September. The observing technique, which consisted of scans along a line that joins the central source to the NE and SW inner lobes, allowed the instantaneous calibration of its flux density, which was always referred to the NE lobe flux. We found rapid fluctuations in the flux density, representing up to 20 per cent of the total flux, superimposed to slower variations. We compared the 7-mm light curve with the 1.5-12 keV RXTE ASM daily data and found no correlation between them. Based on this result we discarded the possibility that the variable emission at both frequencies originates in the same region, being produced by the same relativistic electron population. We proposed instead free-free absorption as the cause of the short time-scale variability. We calculated the minimum size of the synchrotron emitting region, assuming a flux density of 1 Jy and the maximum brightness temperature of 10 12 K and obtained R = 1.5 × 10 15 cm. Under these conditions, variability due to an ionized cloud passing in front of the synchrotron source should be also discarded, because it should have a velocity v = 0.56c to produce the occultation. However, the variability can be explained if the emitting source, moving with this velocity, is the subparsec-scale jet that passes behind the stationary or slowly moving absorbing cloud. This scenario is fully justified by the estimated velocity of the bulk jet motion (Tingay et al. 1998; Hardcastle et al. 2003) . We therefore calculated the density of a spherical ionized gas cloud of the size of the emitting region, necessary to produce a free-free optical depth equal to unity at 43 GHz and obtained n H = 5 × 10 6 cm −3 . The emission measure is 5 × 10 28 cm −5 and the column density N H = 10 22 cm −2 . This column density is smaller than that necessary to absorb the low-energy X-rays by a factor of 10. Since the X-ray absorbing column density showed to be variable on the time-scales of months or years (Risalitti et al. 2002; Rothschild et al. 2006) , we showed that the model in which this absorption is produced by dense ionized (10 9 cm −3 ) clouds close to central source would produce 43-GHz absorption much larger than what we observe. If the X-ray flux is produced by two sources, as the Chandra and XMM-Newton observations seem to imply (Evans et al. 2004) , the emission produced by the accretion disc could be absorbed by dense clouds with sizes of 10 14 cm and the densities mentioned above, while the jet emission, both at radio and X-rays, the later absorbed by column densities of about 4 × 10 22 cm −2 , would originate at distances from the core larger than 10 15 cm. However, in this scenario the clouds closer to the accretion disc would form a broad-line region that does not seem to be present in Centaurus A (Alexander et al. 1999) . Since the existence of a low-density and high-temperature absorber is also incompatible with the observed X-ray spectrum, we conclude that the X-rays must be absorbed farther out, by a variable column density of neutral and dusty material (Evans et al. 2004) , or even by the edge of a warped ionized accretion disc (Rothschild et al. 2006 ). In the last case, a large number of clumps (>30) are necessary to produce the necessary H column density without producing free-free absorption at 7 mm.
We concluded that the most probable source for the X-ray absorption is the clumps in the molecular disc that surrounds the central black hole. One, or at most a few clumps with density 4 × 10 6 cm −3
and radius 3 × 10 15 cm, moving with a velocity of 250 km s −1
will be enough to produce the observed hydrogen column density variability. These clumps would be stable against a gravitational collapse, and its existence is confirmed by the observation of molecular absorption lines against the strong, non-thermal central continuum source.
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